Abstract: Background: ADS-5102 (amantadine) extended release capsules (GOCOVRI TM
Introduction
Parkinson's disease (PD) is a progressive synucleinopathy and the second most common neurodegenerative disease in the US. 1 Cardinal motor symptoms of PD are bradykinesia, rigidity, tremor, and postural instability that reflect reduced striatal dopamine resulting from progressive degeneration of dopaminergic neurons in the substantia nigra. 2, 3 The dopamine precursor levodopa exerts robust efficacy for the motor symptoms of PD. 4 However, this effect is complicated by the emergence of motor complications (including motor fluctuations [OFF] and dyskinesia). 5, 6 Motor complications are reported by approximately 40% to 60% of patients after five years of levodopa therapy and by nearly all patients (90%) after 10 years. 5 These motor complications are associated, among others, with impaired activities of daily living, decreased health-related quality of life, increased healthcare utilization, increased caregiver burden, and falls. 7, 8 Strategies to improve OFF time include increasing the dosage of levodopa and/or adding adjunctive medications, including enzymatic inhibitors (monoamine oxidase B, catechol-O-methyltransferase) and dopamine agonists, but such strategies can be limited by the emergence of dyskinesia. 9 Nonsurgical treatments for dyskinesia remain an unmet need. The main strategies for managing dyskinesia in patients with PD include fractionating the levodopa dose, lowering the overall dose of dopaminergic agents as a further treatment option, and lowering the levodopa dose while adding a longer-acting dopamine agonist, all of which have the potential to worsen the patient's PD symptoms or increase dyskinesias. 9 Amantadine is an N-methyl-D-aspartate (NMDA) receptor antagonist that has uncompetitive binding, blocking only the activated, open-channel NMDA receptor. 10 Amantadine immediate release (IR) was originally approved for influenza, with an additional indication for parkinsonism in 1970. 11, 12 Initially Schwab (1969) 13 and Parkes (1970) 14 found that while 200 mg daily of amantadine hydrochloride IR (equivalent to 161 mg amantadine) can be well tolerated, higher doses may be more efficacious yet associated with a greater incidence of central nervous system side effects, especially hallucinations and sleep disruptions. While the NMDA-receptor antagonism of amantadine IR has been used to treat dyskinesia, its suboptimal durability and tolerability have limited its clinical utility. 15, 16 Despite the same body of trial evidence, there are differing recommendations for amantadine across the guidelines of various countries. 17, 18 ADS-5102 (amantadine) extended release capsules (GOCOVRI TM ), a novel formulation of amantadine, were designed to deliver a distinct concentration-time profile of amantadine that is not achievable with amantadine IR. With bedtime dosing of ADS-5102, its initial slow rise in plasma concentration overnight achieves twice the plasma level (1500 ng/mL) of a standard dose of amantadine IR, 100 mg bid during the early morning and throughout the day. 19 The once-daily dosing regimen of ADS-5102 may also provide enhanced convenience compared with multiple dosing of amantadine IR. Recently, two phase 3, double-blind, placebo-controlled efficacy studies demonstrated that ADS-5102 significantly reduced dyskinesia, with a secondary benefit of reduction in OFF time, when administered once daily at bedtime. [20] [21] [22] In the current This analysis is focused on the subgroup of patients in the EASE LID 2 open-label study who were receiving amantadine IR at enrollment (confirmed through review of medication logs) and were switched at enrollment/baseline to ADS-5102 ("previous amantadine IR subgroup"). Published study data from EASE LID 2 trial patients who received ADS-5102 ("previous active") or placebo ("previous placebo") in the preceding randomizedcontrolled studies and enrolled in the open-label trial were included in this analysis to provide context (see Fig. 1 ). Previous data for DBS patients is not available as these patients were not eligible for previous ADS-5102 phase 3 studies.
Statistical Analyses
All patients who received at least one dose of study drug during the open-label study of ADS-5102 were included in the safety analysis. All patients who received at least one dose of study drug and provided at least one post-baseline Movement Disorder Society-Sponsored Revision of the Unified Parkinson's Disease Rating Scale (MDS-UPDRS) assessment were included in the efficacy analysis. Data were summarized by subgroup using descriptive statistics. Changes from baseline were analyzed using a mixed-model repeated measure (MMRM) approach with categorical effects for subgroup (i.e., previous active, previous placebo, previous amantadine IR), week (8, 16, 28, 40, 52 , and 64), interaction between subgroup and week, and an unstructured variance-covariance matrix for repeated random-subject effects. To control for known confounders to the changes in MDS-UPDRS Part IV, baseline MDS-UPDRS Part IV score, age at PD diagnosis, duration of levodopa treatment, duration of dyskinesia, and baseline levodopa dose were included as continuous covariates. Least squares mean (LSM) and P values derived from the statistical model are presented.
Results

Patients
In total, 32 patients were included in the "previous amantadine IR subgroup" at time of EASE LID 2 enrollment: 24 patients were post-DBS (average duration 4-6 y) and eight patients previously completed the EASED study but had a gap between studies. 21 Enrollment in EASE LID 2 had been completed when this analysis was performed. Treatment duration and study disposition are shown in Table 1 for all subgroups. At baseline, the mean reported duration of amantadine IR treatment was 2.5 years (0.1-14.4 y) and the mean amantadine IR dose was 221 mg/day, equivalent to 275 mg of amantadine HCl.
Baseline demographics and PD characteristics are included in Table 2 . On average, previous amantadine IR patients were approximately five years younger than patients enrolled directly from the double-blind studies ("previous active" and "previous placebo" subgroups; mean age 60.6 y) and predominantly male (68.8%). Mean duration of dyskinesia in previous amantadine IR patients was 7.4 years, compared with 4.6 and 4.0 years in the previous active and previous placebo subgroups, respectively. Baseline MDS-UPDRS Part IV scores for previous amantadine IR subgroup were similar to scores of the previous placebo subgroup (9.5-10). 20, 22 MDS-UPDRS subgroup decreased from baseline to the first post-baseline visit (week 8) and were sustained to week 64. At week 8, the LSM treatment difference between the previous amantadine IR subgroup and previous active subgroup was -2.8 units (P 5 0.046), and the LSM treatment difference between the previous placebo and previous active subgroups was -2.5 units (P 5 0.055; Supporting Table 1 ). The mean percent change from baseline in MDS-UPDRS Part IV at week 8 for all subgroups is shown in Fig. 2B . To identify which subscales drove the reduction in Part IV, the mean change from baseline to week 8 were analyzed for each subgroup and the results are shown in Fig. 3 . The MDS-UPDRS Part IV change from baseline to week 8 was -0.3 in the previous active subgroup (n 5 61), -3.4 in the previous placebo subgroup (n 5 79), and -3.4 in the previous amantadine IR subgroup (n 5 32). Both the previous placebo and the previous amantadine IR subgroups showed comparable changes in MDS-UPDRS Part IV subscale Items 4.1 to 4.4. Fig. 4A and Fig. 4B show the distribution of change across MDS-UPDRS Part IV overall and across its subscales at week 8.
Additionally, at the time of the data cut, approximately 25% of patients in each subgroup were able to increase their levodopa dose while on the study (median increase from 225 mg to 325 mg; Supporting Table 2 ).
Adverse Events
An overview of adverse events (AEs) is provided in Table 3 . In the total study population (N 5 223), falls, visual hallucination, peripheral edema, and constipation were each reported by 10% of patients; AEs were the primary reason for study-drug discontinuation in 32 patients (14.3%). The most common AEs leading to discontinuation (reported by 2% patients) within the previous amantadine IR subgroup were falls (6.3%, n 5 2). In the overall open-label study population, the most common AEs leading to discontinuation were falls (2.2%, n 5 5), visual hallucinations (2.2%, n 5 5), and peripheral edema (0.9%, n 5 2). 23 The incidence of serious AEs (SAEs) was 17% and comparable among the three cohorts; all but two SAEs (urinary tract infection [previous placebo] and suicidal ideation [previous amantadine IR]) were considered not related to study drug. Falls, visual hallucinations, peripheral edema, and dizziness were the most commonly reported AEs in the previous amantadine IR subgroup, consistent with the other subgroups. In general, vital signs and laboratory results remained consistent with baseline values and were similar across all subgroups. In the previous amantadine IR subgroup, there were no reports of orthostatic hypotension or impulse-control disorder.
Discussion
Patients receiving amantadine IR for an average of 2.5 years entered the EASE LID 2 open-label study with motor complication scores similar to those of patients previously treated with placebo in the controlled trials. Of the 32 patients receiving amantadine IR who were switched at enrollment, 20 completed at least one year of treatment, 26 completed at least six months, and 17 remain ongoing. After switching from amantadine IR directly to ADS-5102 at bedtime (137 mg for one week, 274 mg thereafter), these patients experienced an improvement in motor complications, as shown by a reduction in their MDS-UPDRS Part IV scores at the first post-baseline visit (week 8). Additionally, more patients were able to increase rather than decrease their levodopa dose (total mg) without compromising dyskinesia control, which would not be expected in a cohort of patients with dyskinesia >4 years' duration. 9 This treatment effect was also equivalent to that shown in the previous placebo subgroup and was maintained for over a year. The reduction in MDS-UPDRS Part IV scores was driven both by decreases in overall time and functional impact of dyskinesia and OFF time.
The similarity in baseline MDS-UPDRS Part IV scores between the Previous Placebo and Previous Amantadine IR group is noteworthy. These patients were enrolled under inclusion criteria that stated that patients could be enrolled who experienced peak dose dyskinesia during screening that might benefit from specific dyskinesia treatment in the judgment of the subject and clinical investigator, or they had a history of peak dose dyskinesia that was currently being managed by amantadine treatment. So, although the reason they were experiencing dyskinesia or motor complications is not known, they were experiencing refractory dyskinesia at entry, despite being on an average of 275 mg amantadine HCl, and most having had DBS.
The safety profile in patients who switched from amantadine IR directly to ADS-5102 was consistent with previously reported safety data from the controlled and open-label clinical trials. 23 The primary limitations of these analyses are the nonrandomized, open-label design, and the small sample size of the previous amantadine IR subgroup. The absence of MDS-UPDRS, Part III during the OFF state is another limitation. Also, most of the patients in the previous amantadine IR subgroup were status-post DBS implantation (n 5 24; 75%), were younger, and had a longer history of dyskinesia. The MMRM analysis was adjusted for several clinically important baseline covariates. However, the presence of additional unknown and potentially biasing factors cannot be discounted. The results seen for the two comparison cohorts (i.e., the small response seen in the previous active subgroup and the improvement in the previous placebo subgroup) are consistent with recent findings from the double-blind studies and also support the internal and external validity of the evaluation of the previous amantadine IR group. This indicates that the treatment effect seen in the previous amantadine IR subgroup was not only due to an open-label trial effect.
These open-label data are encouraging and support the premise that higher sustained daytime concentrations of amantadine provided by ADS-5102 (1500 ng/mL) provide a further reduction in dyskinesia and OFF time in patients previously treated with amantadine IR. As seen in the other subgroups, this effect was sustained up to 64 weeks. ADS-5102 also provided benefits in dyskinesia and OFF in a population already receiving amantadine IR treatment and DBS.
These data suggest that patients currently being treated with amantadine IR can be switched directly to ADS-5102 without interruption. Patients' ability to switch from amantadine IR bid or tid to a once-daily regimen of ADS-5102 may provide dosing convenience benefits and supports the premise that higher sustained daytime concentrations of amantadine provided by ADS-5102 (approx.1500 ng/mL) provide a further reduction in dyskinesia and OFF in previously treated amantadine IR patients. 
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